Shortage of water in the river in relation to rainfall change plays a pivotal role in water sharing like Ganga. In attempt to understand the rainfall changes, Mann-Kendall test and Sen's slope estimation on hundred years ' (1901-2000) rainfall data of 236 districts in entire Ganga basin were run. Half of the districts showed a decreasing trend in annual rainfall in which 39 districts were statistically significant. During pre-monsoon (Jan.-May), 78% of the total districts showed the decreasing trend with the significance of 54 districts. A majority of the districts under the Kosi, Gandak and Sone sub-basins showed the significant negative trend in annual, pre-monsoon and post-monsoon season. So, there need some districts' and sub-basins' wise strategies to cope with the situation in the context of climate change.
Introduction
Rainfall, the most important form of precipitation, is the principal element of hydrological cycle on earth surface. But this hydrological element has potentially been threatened by the climatic change along with snow accumulation and meltswater, evapo-transpiration and ground water table [1] . Besides, annual river runoff and water availability will likely decline by 10% -30% in tropics and midlatitudes and 10% -40% in high latitudes and wet tropics due to global climatic changes [2] . As a result, almost two-thirds of the world population will be under water paucity in future decades [3] [4] [5] [6] . This scenario will affect the transboundary river and its sharing. Ganga, as a transboundary river, flows through India (79.10%), Bangladesh (4.26%), China (3.08%) and Nepal (13.56%). The inadequate availability of water flow on main river has caused difficulties in water 
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sharing between the nations during lean season. Unequal rainfall distribution, irregularities in pre-monsoon, monsoon and post-monsoon rainfall etc., seem to be more common factors to control seasonal water availability at Ganga River. Therefore, the rainfall trend is more appropriate to examine as the most dominant input to the systems of water discharge in river. In India, nearly 80% of annual rainfall occurs during monsoonal period (June to September), but decline of rainy days with increasing rainfall intensity have resulted in serious threats on required water availability [7] . Proper understanding of long term rainfall trend, magnitudes and variability is useful to estimate the water resource availability in rivers. Various scientific studies show that the spatial and temporal variations of water resources in the basins are closely related to precipitation changes [8] [9] . Decreasing precipitation, ensuring the decline of fresh water availability occurs in many Indian rivers [10] [11] . There are several researches about long term rainfall changes over India. Some studies indicated, no trend in monsoon rainfall [12] - [21] explored some pockets of significant long term rainfall changes in India.
Using Mann-Kendall rank statistical test for 90 years ' (1901-1990 ) observed daily rainfall data from 151 observatory stations, [22] found increasing trend of rain in monsoon but decreasing trends in pre-and post-monsoon periods. [11] studied long term trends in monthly, seasonal and annual rainfall of 30 meteorological sub-divisions over India during the period from 1871 to 2005. The analysis revealed decrease in annual and monsoon rainfall except Haryana and Gangetic West Bengal. Similarly, [23] showed the declining trend of precipitation over north-western Himalaya from 1860s to 2000s whereas, post-monsoon rain did not show any trend. [24] examined the trend through Modified MannKendall test (MMK) and Pettitt-Mann-Whitney (PMW) methods using 80 years' data (1901-1980) of annual precipitation in Ganges tributaries in Uttarakhand and results showed the decline of precipitation. [25] analyzed rainfall data from 316 rain gauge stations in India and found an increasing trend of annual rain in Ganga basin. Regionally, [26] found increasing trend in rainfall over Ganga, Indus, Brahmaputra, Krishna and Cauvery basins. [27] found increasing trend in summer monsoon over western Indo-Gangetic plains (170 mm/100years) from 1900 and statistically insignificant decreasing trend (5 mm/100years) over central part of the plain using the rainfall data for the period of 1829-1999 over Indo-Gangetic plain. [28] observed mild decrease in wet season rainfall during 1963-2006 compared with the period of 1914-1962 and also decrease in surplus rainfall from 1972. [29] evaluated 124 years' (1871-1994) sub-divisional rainfall data and concluded that except 2 sub-divisions, the annual precipitation over Ganga basin showed stable. Similarly, [7] analyzed basin wise trends of rainfall, rainy days and temperature over India with the help of Mann-Kendall test and Sen's slope estimator. The result revealed increasing trend in rainy days and no trend in annual rainfall over Ganga basin.
Plethora of studies revealed rainfall changes over Ganga basin. Results of these studies contradict each other. In the present study, season wise district level analysis of rainfall trend is considered to be essential in better understanding of cli-S. Bera matological and hydrological situation of the Ganga basin. Two of the mostly cited methods (Mann-Kendall test and Sen's slope estimator) for long term trend analysis have been used in the present study.
Study Area and Data Used
The study is carried out in the Ganga basin of India (Figure 1 
Methodology
In the study, non-parametric methods, Mann-Kendall (MK) test [31] [32] and Sen's estimator [33] are used to detect the nature of trends in the time series.
Mann-Kendall's method is applied to test the presence of a monotonic trend and the statistical significance of the trend and Sen's slope estimator for estimating true change per year in the time series. No pre-whitening of the data series is carried out.
Mann-Kendall (MK) Test
MK test is not only used for rainfall trends, but also widely used for analysing dif-ferent climatic variables [23] [34]- [46] and analysis of various environmental data [47] . World Meteorological Organisation recommended MK test to measure the significant monotonic trends in hydrological series [48] . [49] analyzed the temporal and spatial rainfall distribution trend and variation by asymmetrical factor method and Mann-Kendall test method. [50] used Mann-Kendall test to determine the trends of long-term annual precipitation and stream flow series of eastern Black Sea Region in Turkey. The low sensitivity in homogeneous time series [51] and non requirement of normally distributed data series are two great advantages of MK test [52] .
The Mann-Kendall test is appropriate in cases when the data values x i of a time series can be assumed to follow the model:
where ( ) i f t is a continuous monotonic increasing or decreasing function of time and the residuals ε i can suppose to be from the same distribution with zero mean. It is therefore assumes that the variance of the distribution is constant in time.
The null hypothesis of no trend, H 0 , assumes that the observations x i are independently distributed in time and the alternative hypothesis, H 1 , denoted an increasing or decreasing monotonic trend. The number of annual values in the considered data series is designated by n. Missing values are allowed and n can thus be smaller than the number of years in the time series. The Mann-Kendall test statistic S is determined using the following formula:
where, x j and x k are the annual values in years j and k, j > k, respectively, and
The variance of S is computed by the following equation which takes into account that ties may be present:
where, n is the number of data points, q is the number of tied groups and t p is the number of data values in the p th group. Z statistics or Normal Approximation test generally used when the sample size is greater than 10. The Normal approximation test (Z test) is developed by both the values of S and VAR(S) (Equation (5)).
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The statistically significant trend is assessed by this Z value. The positive and negative values of Z denotes increasing and decreasing trend respectively. The statistic Z has a normal distribution. To test for either an increasing or decreasing monotone trend (a two-tailed test) at α level of significance, H 0 is rejected if the absolute value of Z is greater than 1 
Sen's Slope Estimator
To estimate the true slope of an existing trend (as change per year) the Sen's nonparametric method is used. It can be in cases where the trend can be assumed to be linear. This means that ( ) f t in Equation (1) is equal to
where, Q is the slope and B is a constant.
To get the slope estimate Q in Equation (6), we first calculate the slopes of all data value pairs:
where, x j and x k are the data scores at times j and k (j > k) respectively. If there are n values x j in the time series we get as many as 
Q is tested with a two-sided confidence interval at 100(1 − α)% and the slope estimate is obtained by the nonparametric method.
The confidence interval at two different confidence levels; α = 0.01 and α = 0.05 as follows:
where, VAR(S) has been defined in Equation (4) 
Results and Discussion

Magnitude of Trend
The magnitude of the trend of this time series is determined using 
Significance of Trend
To find out the significance of trends in seasonal and annual rainfall, Mann
Kendall test is applied here. The result of increasing annual rainfall trend (Table   1) Among 236 districts, only 4 districts (Saran and Goutam Budh Nagar, Uttarkashi and Tehri Garhwal) have indicated significant at ≥95% confidence level in pre-monsoon rainfall. Table 2 is indicated, significant (≥95% confidence level) negative rainfall trend in pre-monsoon season is found over 54 districts out of which 9 districts fall in Bihar (Banka, Khagaria, Begusarai, Gaya, Rohtas, Saharsa, Jamui, Madhubani, Lakhisarai), 5 districts in Chhattisgarh (Bilaspur, Korea, Jashpurnagar, Surguja, Korba), 9 districts in Jharkhand (Purba Singbhum, Latehar, During the monsoon season, the increasing rainfall at on 16 districts and decreasing rainfall at 35 districts are detected statistically significant at ≥95% confidence level (Table 3) . Several districts fall in Kosi, Sone, and Ramganga subbasins have showed significant negative trend.
It can be noted from Table 4 
Conclusions
The present study on district wise monthly rainfall data on entire Ganga basin Significance testing showed that the pre-monsoon rainfall had significant negative changes over the maximum districts of the basin in comparison to the other seasons. Most of districts falling in Kosi, Sone, Ramganga, Gandak, Ghaghara and Tons have registered as significant negative rainfall change. Though 35 districts have a negative trend in Monsoon season, only 5 districts are detected significantly for post-monsoon period. The annual and monsoon rainfall indicated the same direction of trend for the maximum of the districts over the Ganga basin.
Therefore, the study indicates the large spatial and temporal variability in the annual and seasonal rainfall trends over the Ganga basin and its sub-basin areas. The majority of the districts over Kosi, Gandak and Sone sub-basins indicated the significant negative trend for annual, pre-monsoon and even in monsoon season. These sub-basins have significantly played their major role in the seasonal fluctuation of water flow in the river Ganga. So there need some districts' and sub-basins' wise strategies to deal with this climate change condition.
